Animal-borne accelerometers are effective tools for quantifying the kinematics of 3 7 animal behaviors, such as swimming, running, and flying, under natural conditions.
1 3 8 29 × 11 × 15 mm, 7.2 g, Biologging Solutions Inc., Tokyo, Japan). The sampling 1 3 9 frequencies of both loggers were set to 500 Hz. These two loggers were packaged and 1 4 0 thrusted, by hand, at various intensities (approximately 1-6 g). We set four different 1 4 1 threshold values, namely 1.6, 2.4, 3.2, and 3.95 g, in the Event logger, and thrust 50 1 4 2 times in each threshold value. Logistic regression analysis was used to obtain the 1 4 3 calibration formula. The occurrence of the Event logger's activation was designated, in 1 4 4 binary, as 1 (activated) and 0 (not activated); these values were used as the objective 1 4 5 variable. The set threshold and maximum acceleration values, recorded by the reference 1 4 6 logger, were considered as explanatory variables. In addition, we calculated the time lag 1 4 7 between the time when the acceleration exceeded the threshold, and the time when the 1 4 8 recording was initiated. To examine the measurement performance of the logger, we attached the logger on P.
1 5 2 major in a tank and measured its escape response. We attached the logger package incorporating the Event logger and the 1 6 0 reference logger onto the P. major. The fish were first anaesthetized using 0.1% 1 6 1 2-phenoxyethanol; then, the logger was attached using two wiry plastic strings and two 1 6 2 2-cm round stainless washers, which served as anchors. The strings were first inserted 1 6 3 through the tag, and then through the anterior dorsal musculature, after passing through 1 6 4 two syringes. Finally, they were anchored in place by round stainless washers. The fish body, respectively. The sampling frequencies of both loggers were set to 500 Hz.
The threshold value of the Event logger was set to 2.0 g, since the excess of this value 1 6 9 rarely occurred during the routine movements of other fish species, namely, The experiment was performed in a 3,000 l circular FRP tank (193 cm diameter timing at the initiation of the escape response, the fish movements were simultaneously 1 7 9
recorded dorsally, by a high-speed video camera (HAS-L1; Detect Co., Tokyo, Japan),
at 500 frames s −1 . The water temperature was 20.6-22.5 °C. behaviors (Broell et al., 2013; Kawabe et al., 2004) . Since latency existed between the 1 8 9
initiation of escape response and the recording initiation of the Event logger, we 1 9 0 examined whether the latency was short enough to precisely measure these variables. To Event logger, we synchronized the acceleration signals of the Event logger to those of 1 9 3 the reference logger by finding the optimal time difference with the least squares 1 9 4 method. The escape response of fish consists of three distinct stages based on body 1 9 5
bends (Weihs, 1973) . Peak acceleration usually occurs during the initial bend, or stage 1 1 9 6 of the escape response (Domenici, 2009). Therefore, the peak acceleration timings 1 9 7
during stage 1 were used in the analysis. To specify the sampling frequency required for the precise measurement of the and minimum values of the downsampled accelerations were then compared to those of 2 0 3 the raw 500 Hz accelerations. We also calculated the minimum sampling frequency 2 0 4 required for detecting the oscillation cycles of the acceleration signals, which usually 2 0 5 reflects the tail beat frequencies of fish (Kawabe et al., 2003) . At least two points within 2 0 6
an oscillation wavelength are necessary to measure the oscillation cycle; thus, we 2 0 7
regarded the required sampling frequency as reciprocal to one half of the wavelength. In We examined the accuracy of the Event logger's recording initiation system under 2 1 3 natural conditions by attaching an Event logger and reference logger to free-ranging S. Three fish (98, 99, and 102 cm TL) were caught by hand line and tagged on 2 1 8 board. Fish were placed on a rubber mat and their head was covered with a wet towel 2 1 9
while the gills were continuously ventilated with a saltwater hose. In compliance with 2 2 0 local animal ethics procedures, fish were not anaesthetized. We attached the logger 2 2 1 package consisting of a radio tag, an Event logger, a reference accelerometer logger 2 2 2 (ORI400-D3GT, 12 mm diameter × 45 mm length, 9 g, 135 mAh; Little Leonardo Co., fish. The tagging procedure of the logger package was similar to the Experiment 1. The and 18 hours after release, the logger packages popped off from the fish, and emerged 2 3 0 afloat for recovery.
3 1
Two of the three Event loggers worked properly and were thus used in the data 2 3 2 analysis. We synchronized the acceleration signals from the Event logger to those from 2 3 3 the reference logger using the least squares method. Subsequently, we examined 2 3 4
whether the Event loggers were accurately activated, by comparing the activation events 2 3 5
with the threshold excess in the acceleration signals obtained from the reference loggers. The maximum and minimum acceleration values, and minimum wavelength obtained 2 3 7 through the Event loggers were compared to those obtained through the reference 2 3 8 loggers. In all four set threshold values, the maximum accelerations were higher in the trials 2 4 5
where the Event logger was activated compared to trials where the Event logger was not 2 4 6 activated. The acceleration range at the 1.6 and 2.4 g thresholds, however, slightly 2 4 7 overlapped between the activated and non-activated trials (Table S1 ). The calibration 2 4 8 formula was obtained by a logistic regression and successfully classified 95.5 % 2 4 9
